~- Tumor necrosis factor (TNF) antagonists Inave been shown to be 
efficacioLfs in the treatment of several autoimmune diseases, including 
rlieumatoid arthritis, psoriatic arthritis, ankylosing spondylitis, and 
psoriasis. 

^ Tliere are currently 2 classes of biologic drugs that target TNF 
bioavaiiability; soluble TNF receptors (etanercept) and anti-TNF 
monoclona! antibodies (adalimumab and infliximab). 
Aii 3 currently available agents bear the Fc portion of complement- 
activating human Ig61 ; the Fc region is a native component of the 
monoclona! antibodies, whereas it is genetically fused to the soluble 
receptor. 

■^^ Fc regions bind to Fc receptors {fcr/R), which are a family of 

immunogiobulin-binding molecules expressed on immune cells, including 

macrophages, granulocytes, natural killer cells, B cells, and platelets. 

Members of the Fc>R family of receptors are distinguished by the tsotype 

and affinity of the immunoglobulin ligand. 
^ Antibody-dependent cellular cytotoxicity (ADCC) is mediated by 

cross-iinking of Fc-yR. 
■^^ Complement-dependent cytotoxicity (CDC) may be enhanced by the 

cross-iinking of Fcr^/R. which increases affinity for the complement 

component Clq. 




Anfi-TNF monoclonal antibodies, but not soluble TNF receptors, form large 
protein complexes with TNF, resulting in cross-linking of FcyR, and 
increased binding to Clq, which can lead to ADCC and CDC. 

Differences in the ability to activate ADCC and CDC pathways may 
explain the differences in efficacy in treatment of some diseases 
(eg, Crohn's disease) and the occurrence of adverse events (eg, 
granulomatous diseases). 
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Samples of individual drugs or mixtures of drugs with different molar ratios of 
TNF were applied to High Pressure Liquid Chromatography (Agilent 1100) 
with a column {Superdex-200) to allow separation by size. The samples 
were then passed through a laser light scattering detector (Wyatt miniDswn) 
Jo determine the molecular mass and radius of the protein complexes. 

Samples were applied to the outside wells of a rosette pattern of wells in a 
flat-bed agarose gel, and control or ligand samples were applied to the center 
well. Samples were allowed to diffuse through the ge! matrix and interact 
with each other. The gel was stained for proteins, large protein complexes 
appeared as dark precipitation lines, whereas stains of small complexes were 
too faint to visualize. 

THP-1 cells, a human monocytic cell line expressing 2 types of FcR, Fc^f-Rl 
(CD64) and Fc^/Rtl (CD32), were incubated with todinated drugs under the 
following conditions: 

Drug alone 
* With 0.8-fold molar excess human TNF 
« With 200-fold molar excess human Fc 

With 200-fold molar excess unlabeled drug 
Unbound drug was removed by washing and the amount of cell-bound 
radiolabeled drug was quantitated in a gamma counter. 

Glqbmdmg BssBfs 

Human C1q was bound to a 96-we!! plate via anti-C1q antibodies, lodlnated 
drugs were added to the plate under the following conditions. 

Drug atone 

With 0.8-fold molar excess human TNF 

With 200-fold molar excess human Fc 

With 200-fold molar excess unlabeled drug 
Unbound drugs were removed by washing, and the Clq-bound radiolabeled 
drugs were quantitated in a gamma counter, 

Sfi\<ifiK| of L%-F <7nia||Of,?i<:fs ?o xv.siofc l>loo<1 cells 

Human whole blood was incubated with iodinated drugs under the following 
conditions; 

■-^ Drug alone 

With 0.8-fold molar excess human TNF 

With 200-fold molar excess unlabeled drug 
Unbound drug was removed by washing and the amount of cell-bound 
radiolabeled drug was quantitated in a gamma counter. 



Anti-TNF antibody Sojuble TNF receptor 
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TNF antagonists are shovm in white, and TNF trimers are blue, green, and 
red. The TNF-binding site of the anti-TNF antibody is shown in cyan 



Soluble receptors and monocional antibodies that target TNF d 
levels of bioactive TNF. Both classes of drugs demonstrate efficacy in the 
treatment of several autoimmune diseases. 

* Anti-IMF monociona! antibodies formed large protein complexes with 
TNF, whereas the soluble TNF receptor did not. 

Formation of large antibody-TNF complexes bound to cells may facilitate 
g and activation of cell surface rs 



Ail agents bound poorly to FctR on ceils. In the presence of TNF, 
anti-TNF monoclonal antibodies, but not soluble TNF receptor, increased 
binding to FcyR. 

The ability to bind and cross-iink Fc^ potentially enables the anti-TNF 
s to activate ADCC p 



Anti-TNF monoclonai antibodies, but not tiie soluble TNF receptor, bound 
to the complement component C1q in the presence of TNF. 

The ability to bind C tq may confer the ability to activate CDC pathv/ays 
by TNF-anti-TNF antibody immune complexes. 

The molecular mechanisms of cytotoxicity are unclear; evidence for^ and 
against' ADCC and CDC effector mechanisms by the anti-TNF 
monoclonal antibody infliximab have been demonstrated. 

In the presence of TNF, anti-TNF mcnoclonai antibodies, but not the 
soluble TNF receptor, bound to human whole biood cells. 



These differences in binding to FcyR and C1q nnay lead to 
differences in immunologic mechanisms, and explain the varying 
disease states for which these agents are effective treatments. 
For example, in contrast to the soluble TNF receptor etanercept, 
the anti-TNF monoclonal antibody infliximab is effective in the 
treatment of Crohn's disease. 

Furthermore, these differences may contribute to the higher rates 
of fungai and granuiomatous infections, such as tuberculosis, 
observed v^ith infliximab compared mih etanercept.''-^ 
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